
Extended Data Figures

Extended Data Fig. 1 | c-Scorehi tumors are enriched in immune-related genes and genesets involved with antitumor 
immunity

Extended Data Fig. 2 | c-Score status correlation with neoantigen load, TMB and cancer-immunity cycle gene expression

Extended Data Fig. 3 | Distribution and characteristics of c-Score in POG cohort

Extended Data Fig. 4 | TMB-associated subgroup has a higher proportion of tumors with mutations in DNA repair pathway 
mutations

Extended Data Fig. 5 | Associations between c-Score, TMB, and MSI/HRD scores

Extended Data Fig. 6 | Comparison of TMB and c-Score in wild-type versus KRAS mutant tumors
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c

Extended Data Fig. 1 | c-Scorehi tumors are enriched in immune-related genes and genesets involved with antitumor
immunity. a, Degree of significance in expression of CD40 between c-Scorehi versus c-Scorelo+med tumors. Wilcoxon rank-
sum test, FDR adjusted. X represents FDR > 0.05. b, Proportion of (top) and degree of significance in (bottom) CIBERSORT
scores for 22 immune cell types and c, two genesets in c-Scorehi versus c-Scorelo+med tumors across 25 tumor types. For b,
red and blue signify upregulation of expression in c-Scorehi versus c-Scorelo+med groups, respectively. Wilcoxon rank-sum
test, FDR adjusted. Gold boxes represent FDR > 0.05.

CD105
CD40

FASLG
CTLA−4

TIGIT
LAG3
TIM3
PD−1

PD−L1

LG
G

KI
RP

TH
CA

LI
HC

PR
AD

RE
AD

SK
CM

CH
O

L
BL

CA
UC

EC
TH

YM
PA

AD
SA

RC
CO

AD
ES

CA O
V

BR
CA

LU
AD

ST
AD

M
ES

O
LU

SC
KI

RC
HN

SC
CE

SC
TG

CT
do

t.s
ca

le

cancer.type

ge
ne

neglog10pvalue
0

25

50

75

Immune genes highly expressed in clomed group

CD105
CD40

FASLG
CTLA−4

TIGIT
LAG3
TIM3
PD−1

PD−L1

LG
G

KI
RP

TH
CA

LI
HC

PR
AD

RE
AD

SK
CM

CH
O

L
BL

CA
UC

EC
TH

YM
PA

AD
SA

RC
CO

AD
ES

CA O
V

BR
CA

LU
AD

ST
AD

M
ES

O
LU

SC
KI

RC
HN

SC
CE

SC
TG

CT
do

t.s
ca

le

cancer.type

ge
ne

neglog10pvalue
25

50

75

Immune genes highly expressed in chi group

CD105
CD40

FASLG
CTLA−4

TIGIT
LAG3
TIM3
PD−1

PD−L1

LG
G

KI
RP

TH
CA

LI
HC

PR
AD

RE
AD

SK
CM

CH
O

L
BL

CA
UC

EC
TH

YM
PA

AD
SA

RC
CO

AD
ES

CA O
V

BR
CA

LU
AD

ST
AD

M
ES

O
LU

SC
KI

RC
HN

SC
CE

SC
TG

CT
do

t.s
ca

le

cancer.type

ge
ne

neglog10pvalue
25

50

75

Immune genes highly expressed in chi group

25

50

75

FDR > 0.05

-log10(FDR)

LG
G

K
IR

P

TH
C

A

LI
H

C

P
R

A
D

R
E

A
D

S
K

C
M

C
H

O
L

B
LC

A

U
C

E
C

TH
Y

M

P
A

D
D

S
A

R
C

C
O

A
D

E
S

C
A

O
V

B
R

C
A

LU
A

D

S
TA

D

M
E

S
O

LU
S

C

K
IR

C

H
N

S
C

C
E

S
C

TG
C

T

G
en

e

Tumor Types

CD40

Macrophages.M1

T.Cells.CD8

T.Cells.Regulatory.Tregs

−10 −5 0 5 10

1

RowSide
Colors

ColSideColors

LGG KIRP THCA LIHC PRAD READ SKCM CHOL BLCA UCEC THYM PAAD SARC COAD ESCA OV BRCA LUAD STAD MESO LUSC KIRC HNSC CESC TGCT lo_dumm
y

hi_dumm
y B.Cells.Naive

B.Cells.Memory
Plasma.Cells
T.Cells.CD8
T.Cells.CD4.Naive
T.Cells.CD4.Memory.Resting
T.Cells.CD4.Memory.Activated
T.Cells.Follicular.Helper
T.Cells.Regulatory.Tregs
T.Cells.gamma.delta
NK.Cells.Resting
NK.Cells.Activated
Monocytes
Macrophages.M0
Macrophages.M1
Macrophages.M2
Dendritic.Cells.Resting
Dendritic.Cells.Activated
Mast.Cells.Resting
Mast.Cells.Activated
Eosinophils
Neutrophils

Cibersort, Hi vs Lo+Med, fdr corrected

−10 −5 0 5 10

1

Row
Side

Colo
rs

ColSideColors

LGG KIRP THC
A LIHC PRA
D

REA
D

SKC
M

CHO
L

BLC
A

UCE
C

THY
M PAA
D

SAR
C

COA
D

ESC
A OV BRC
A

LUA
D

STA
D

MES
O

LUS
C KIRC HNS
C

CES
C

TGC
T

lo_d
umm

y
hi_d

umm
y

B.Cells.Naive
B.Cells.Memory
Plasma.Cells
T.Cells.CD8
T.Cells.CD4.Naive
T.Cells.CD4.Memory.Resting
T.Cells.CD4.Memory.Activated
T.Cells.Follicular.Helper
T.Cells.Regulatory.Tregs
T.Cells.gamma.delta
NK.Cells.Resting
NK.Cells.Activated
Monocytes
Macrophages.M0
Macrophages.M1
Macrophages.M2
Dendritic.Cells.Resting
Dendritic.Cells.Activated
Mast.Cells.Resting
Mast.Cells.Activated
Eosinophils
Neutrophils

Cibersort, Hi vs Lo+Med, fdr corrected

-log10(FDR)

0

5

10

5

10

c-Scorehi

enriched

c-Scorelo+med 

enriched−1
0

−5
0

5
10

1

RowSideColors

Co
lS
ide

Co
lor
s

LGG
KIRP
THCA
LIHC
PRAD
READ
SKCM
CHOL
BLCA
UCEC
THYM
PAAD
SARC
COAD
ESCA

OV
BRCA
LUAD
STAD
MESO
LUSC
KIRC
HNSC
CESC
TGCT

lo_dummy
hi_dummy

B.
Ce

lls
.N
aiv
e

B.
Ce

lls
.M
em

or
y

Pl
as
ma

.C
ell
s

T.C
ell
s.C

D8
T.C

ell
s.C

D4
.N
aiv
e

T.C
ell
s.C

D4
.M
em

or
y.R

es
tin
g

T.C
ell
s.C

D4
.M
em

or
y.A

cti
va
ted

T.C
ell
s.F

oll
icu

lar
.H
elp

er
T.C

ell
s.R

eg
ula

tor
y.T

re
gs

T.C
ell
s.g

am
ma

.de
lta

NK
.C
ell
s.R

es
tin
g

NK
.C
ell
s.A

cti
va
ted

Mo
no
cy
tes

Ma
cro

ph
ag
es
.M
0

Ma
cro

ph
ag
es
.M
1

Ma
cro

ph
ag
es
.M
2

De
nd
riti
c.C

ell
s.R

es
tin
g

De
nd
riti
c.C

ell
s.A

cti
va
ted

Ma
st.
Ce

lls
.R
es
tin
g

Ma
st.
Ce

lls
.A
cti
va
ted

Eo
sin

op
hil
s

Ne
utr
op
hil
s

Ci
be

rs
or

t, 
Hi

 vs
 L

o+
Me

d,
 fd

r c
or

re
ct

ed

TC
GT

CESC

HNSC

KIR
C

LU
SC

M
ESO

STA
D

LU
AD

BRCA

OVCOAD

SARC

PRAD

TH
YM

UCEC

BLC
A

CHOL

SKCM

READ

PRAD

LI
HC

TH
CA

KIR
P

LG
G

ESCA

TC
GT

CESC

HNSC

KIR
C

LU
SC

M
ESO

STA
D

LU
AD

BRCA

OVCOAD

SARC

PRAD

TH
YM

UCEC

BLC
A

CHOL

SKCM

READ

PRAD

LI
HC

TH
CA

KIR
P

LG
G

ESCA

−10 −5 0 5 10

1

Row
Side

Col
ors

ColSideColors

LGG KIR
P

THC
A

LIH
C

PRA
D

REA
D

SKC
M

CHO
L

BLC
A

UCE
C

THY
M

PAA
D

SAR
C

CO
AD ESC
A OV BRC
A

LUA
D

STA
D

ME
SO LUS
C

KIR
C

HNS
C

CES
C

TGC
T

lo_d
umm

y

hi_d
umm

y

stat3.msigdb

teffector.sig

tcell.inflammed.sig

cyt.rooney

ifng.sig

mhci.rooney

coinhib.t.rooney

costim.t.rooney

batf3dc.score

coinhib.apc.rooney

costim.apc.rooney

fdr <0.05 indicated in black

−10 −5 0 5 10

1

Row
Side

Col
ors

ColSideColors

LGG KIR
P

THC
A

LIH
C

PRA
D

REA
D

SKC
M

CHO
L

BLC
A

UCE
C

THY
M

PAA
D

SAR
C

CO
AD ESC
A OV BRC
A

LUA
D

STA
D

ME
SO LUS
C

KIR
C

HNS
C

CES
C

TGC
T

lo_d
umm

y

hi_d
umm

y

stat3.msigdb

teffector.sig

tcell.inflammed.sig

cyt.rooney

ifng.sig

mhci.rooney

coinhib.t.rooney

costim.t.rooney

batf3dc.score

coinhib.apc.rooney

costim.apc.rooney

Genesets, Hi vs Lo+Med, fdr corrected

−10 −5 0 5 10

1

RowSi
deColo

rs

ColSideColors

LGG KIRP THCA LIHC PRAD READ SKCM CHOL BLCA UCEC THYM PAAD SARC COAD ESCA OV BRCA LUAD STAD MESO LUSC KIRC HNSC CESC TGCT lo_dum
my

hi_dum
my

stat3.msigdb

teffector.sig

tcell.inflammed.sig

cyt.rooney

ifng.sig

mhci.rooney

coinhib.t.rooney

costim.t.rooney

batf3dc.score

coinhib.apc.rooney

costim.apc.rooney

Genesets, Hi vs Lo+Med, fdr corrected

−10 −5 0 5 10

1

RowS
ideCo

lors

ColSideColors

LGG KIRP THCA LIHC PRAD READ SKCM CHOL BLCA UCEC THYM PAAD SARC COAD ESCA OV BRCA LUAD STAD MESO LUSC KIRC HNSC CESC TGCT lo_du
mmy

hi_du
mmy

stat3.msigdb

teffector.sig

tcell.inflammed.sig

cyt.rooney

ifng.sig

mhci.rooney

coinhib.t.rooney

costim.t.rooney

batf3dc.score

coinhib.apc.rooney

costim.apc.rooney

Genesets, Hi vs Lo+Med, fdr corrected

0 5 10

-log10(FDR)

c-Scorehi enriched

T ce
ll i

nfl
am

ed

T ef
fec

torG
en

es
et

s

0.00

0.25

0.50

0.75

1.00

Pr
op

or
tio

n

Cell Type

c-Scorelo+med c-Scorehi

LGG KIRP THCA LIHC PRAD READ SKCM CHOL BLCA UCEC THYM PAAD SARC COAD ESCA OV BRCA LUAD STAD MESO LUSC KIRC HNSC CESC TGCT

lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi lo+med hi

0.00

0.25

0.50

0.75

1.00

pan.c.group

p
r
o
p
o
r
ti
o
n

cell_type
Neutrophils

Eosinophils

Mast.Cells.Activated

Mast.Cells.Resting

Dendritic.Cells.Activated

Dendritic.Cells.Resting

Macrophages.M2

Macrophages.M1

Macrophages.M0

Monocytes

NK.Cells.Activated

NK.Cells.Resting

T.Cells.gamma.delta

T.Cells.Regulatory.Tregs

T.Cells.Follicular.Helper

T.Cells.CD4.Memory.Activated

T.Cells.CD4.Memory.Resting

T.Cells.CD4.Naive

T.Cells.CD8

Plasma.Cells

B.Cells.Memory

B.Cells.Naive

TC
GT

CESC

HNSC

KIR
C

LU
SC

M
ESO

STA
D

LU
AD

BRCA

OVCOAD

SARC

PRAD

TH
YM

UCEC

BLC
A

CHOL

SKCM

READ

PRAD

LI
HC

TH
CA

KIR
P

LG
G

ESCA

Neutrophils
Eosinophils
Mast Cells Activated
Mast Cells Resting
Dendritic Cells Activated
Dendritic Cells Resting
Macrophages M2
Macrophages M1
Macrophages M0
Monocytes
NK Cells Activated
NK Cells Resting
T Cells Gamma Delta
T Cells Regulatory TRegs
T Cells Follicular Helper
T Cells CD4 Memory Activated
T Cells CD4 Memory Resting
T Cells CD4 Naive
T Cells CD8
Plasma Cells
B Cells Memory
B Cells Naive

S2



a

External Data Fig. 2 | c-Score status correlation with neoantigen load, TMB and cancer-immunity cycle gene expression. a,
Association between SNV-derived neoantigen load and expression of the c-Score. Track displays FDR adjusted P values of
SNV-derived neoantigen load differences between groups. Wilcoxon rank-sum test, FDR adjusted. b, The proportion (left)
and absolute number (right) of c-Scorehi and c-Scorelo+med tumors in ‘TMB-unassociated’ versus ‘TMB-associated’. Fisher’s
exact test. c, Comparison of ssGSEA scores across eight gene sets involved in the cancer-immunity cycle in c-ScorehiTMBhi

versus c-ScorehiTMBlo tumors. Boxplot on left (light shade) and right (dark shade) of pairings are TMBlo and TMBhi,
respectively. Wilcoxon rank-sum test, FDR adjusted.
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Extended Data Fig. 3 | Distribution and characteristics of c-Score in POG cohort. a, c-Score in POG570 cohort. Tumor types
matched to TCGA nomenclature (n=559). OTHER refers to a mix of tumor types not specifically matching to TCGA tumor
types examined in this manuscript. Dashed lines indicate where thresholds for c-Scorehi and c-Scorelo groups fall based on
TPMs from TCGA data. b, Waterfall plot depicting time to progression, split by c-Score groups. HRDetect scores, durable
clinical benefit (DCB), and MSIsensor scores are displayed as tracks below. Time to progression and overall survival for
patients stratified by c, c-Score group and d, c-Score and TMB group. e, Overall survival for patients stratified by c-Score
group in the POG dataset starting from date diagnosed with advanced disease (n=77). Log-rank test.
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External Data Fig. 4 | TMB-associated subgroup has a higher proportion of tumors with mutations in DNA repair pathway
mutations. a-c, Comparison of the total number of mutations in ‘TMB-unassociated’ versus ‘TMB-associated’ groups (top)
and proportion of patients with any mutation (bottom) in genes analyzed, namely those involved in a, MMRD pathway b,
HRD pathway, and c, POLD1/POLE genes. Graphs d-f depict protein-truncating mutations. Fisher’s exact test. g,h, Density
distribution of HRD scores across g, BRCA and OV tumors and h, remaining tumor types, excluding MANTIShi tumors. Vertical
lines display HRDScorehi cutoffs (46 and 26, respectively). i, Density distribution of MANTIS scores across all tumor types,
excluding HRDScorehi tumors.
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Extended Data Fig. 5 | Associations between c-Score, TMB, and MSI/HRD scores. a, MANTIS Score (n=5,047, HRDScorehi

tumors omitted), and b, HRD score (n=6,512, MANTIShi tumors omitted) across 31 tumor types. Spearman correlation, FDR
adjusted. Comparison of c-Score in c, MSIsensorhi versusMSIsensorlo and d, HRDetecthi versus HRDetectlo tumors.
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Extended Data Fig. 6 | Comparison of TMB and c-Score in wild-type versus KRAS-mutated tumors. a, c-Score and b, TMB
wild-type versus KRAS-mutated tumors across the 25 tumor types. Wilcoxon rank-sum test. c, The proportion (left) and
absolute number (right) of c-Scorehi and c-Scorelo+med tumors and d, TMBhi and TMBlo tumors in wild-type versus KRAS-
mutated tumors. Fisher’s exact test.
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